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a chimeric recombinant DNA molecule 
comprising: a plurality of DNA sequences, 
each of which comprises a plant-functional 
promoter linked to a coding region, 
which encodes a virus-associated coat 
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preferably linked in-tandem so mat they 
are expressed in virus-susceptible plant 
cells transformed with said recombinant 
DNA molecule to impart resistance to 
said viruses; as well as methods for 
transforming plants with the chimeric 
constructs and for selecting plants 
which express at least one of said DNA 
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This invention is related to the genetic engineering of plants 
and to a means and method for conferring a plurality of traits, including 
resistance to viruses, to a plant using a vector encoding a plurality of genes, 
10 such as coat protein genes, protease genes, or replicase genes. 



Background of th» Invention 
Many agriculturally important crops are susceptible to infection 
by plant viruses, which can seriously damage a crop, reduce its economic 
15 value to the grower, and increase its cost to the consumer. Attempts to 
control or prevent infection of a crop by a plant virus have been made, yet 
viral pathogens continue to be a significant problem in agriculture. 

Scientists have recently developed means to produce virus 
resistant plants using genetic engineering techniques. Such an approach is 
20 advantageous in that the genetic material which provides the protection is 
incorporated into the genome of the plant itself and can be passed on to its 
progeny. A host plant is resistant if it possesses the ability to suppress or 
retard the multiplication of a virus, or the development of pathogenic 
symptoms. "Resistant" is the opposite of "susceptible," and may be divided 
25 into: (1) high, (2) moderate, or (3) low resistance, oependmg irpon its 
effectiveness. Essentially, a resistant plant shows reduced or no symptom 
expression, and virus multiphcation within it is reduced or negligible. 
Several different types of host resistance to viruses are recognized. The host 
may be resistant to: (1) establishment of infection, (2) virus multipUcation, 
30 or (3) viral movement. 

IHrtyviruses are a distinct group of plant viruses which are 
pathogenic to various crops, and which demonstrate cross-infectivity between 
plant members of different families. Potyviruses include watermelon mosaic 
virus-2 (WMV-2); papaya ringspot virus strains papaya ringspot and 
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watermelon mosaic I (PRV-p and PRV-w), two closely related members of 
the plan, porous group which were a, one time classified as distinct vtrus 
.ypes, but are presently classified as different strains of tbe same vims; 
zucchini yellow mosaic virus (ZYMV); potato vinis Y; tobacco etch and 
5 many others. For example, see Table I of published European patent 

application 578,627 . 

These viruses consist of fiexous, filamentous particles of 
dimeusions approximately 780 X 12 nanometers. Tt« viral particles contain 
a single-stranded RNA genome containing about 10,000 nucleotides of 
,0 positive (+, coding, or sense) polarity. Translation of the RNA genome of 
potyviruses snows that the RNA encodes a single large polyprotein of about 
330 kD. This polyprotein contains several proteins, one of which is a 49kD 
protease that is specific for the cleavage of the polyprotein into at least six (6) 
other peptides. The* rmMeins can be found in tbe infected plant celland 
,5 form the necessary components for viral replication. One of the proems 
contained within mis polyprotein is a 35kD capsid or coat protein which coats 
and protect the viral RNA from degradation. Another protein is me nuclear 
illusion protein, also referred to as replicase, which is believed to function 
in the replication of the viral RNA. In the course of a potyviral infection, 
20 the repbease protein (60 kDa, also referred to as the nuclear inc.usion B 
protein) and the protease protein (50kDa, also referred to as the nuclear 
fusion I or nuclear inclusion A protein) are posmanslationally transported 
across the nuclear membrane into the nucleus of the plant cell at the later 
stages of viral infection and accumulate to high levels. 
25 Generally, the coat protein gene is located at the 3-end of the 

RNA.jus.priortoasUetehof terminal adenine nucleotide residues (200 to 
300 bases). The location of the 49 Kd protease gene appears to be conserved 
m these viruses. In the tobacco etch virus, the protease cleavage site has 
been determined to be the dipeptide Gm-Ser, Gln-Gly or Gin-Ala. 
30 Conservation of these dipeptides as the cleavage sites in these vrral 

polypes is apparent from the sequence, of the above-listed potyviruses. 
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Expression of the coat protein genes ftoni tobacco mosaic 
mosaic viius, and potato vims X, 

others, u> transgemc plana 
virus Y, pea mosaic v« , t ,n« 7 n989^ report that 

^sgen* squash ptants c— g ^ ^ 

eMV-V-27»dCARNA. 



20 to plants. 



25 



30 



Uprose* invermon provides chimeric DNA 

wherein said DNA sequences arc expressed resistancet0 

— r — 

. it ^„*i wpU of resistance to infection oy caw* 
preferably substantially equal levels ot res 
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vimses occurs in plant cells transformed with said plurality of DNA 
sequences. 

Preferably, each DNA sequence is also linked to a 3' non- 
translated DNA sequence which functions in plant cells to cause the 

5 termination of transcription and the addition of polyadenylated ribonucleotides 
to the 3' end of the transcribed mRNA sequences. Preferably, the virus is a 
plant-associated virus, such as a potyvirus. 

Thus, the present DNA molecule can be employed as a 
chimeric recombinant "expression construct," or "expression cassette" to 

10 prepare transgenic plants that exhibit increased resistance to infection by at 
least two plant viruses, such as potyviruses. The present cassettes also 
preferably comprise at least one selectable marker gene or reporter gene 
which is stably integrated into the genome of the transformed plant cells in 
association with the viral genes. The selectable marker and/or reporter genes 

15 facilitate identification of transformed plant cells and plants. Preferably, the 
virus gene array is flanked by two or more selectable marker genes, reporter 
genes or a combination thereof. Another aspect of the present invention is a 
method of preparing a virus-resistant plant, such as a dicot, comprising: 

(a) transforming plant cells with a chimeric recombinant DNA 
20 molecule comprising a plurality of DNA sequences, each 

comprising a promoter functional in said plant cells, operably 
linked to a DNA sequence, which encodes a protein associated 
with a virus which is capable of infecting said plant; 

(b) regenerating said plant cells to provide a differentiated plant; 

25 and 

(c) identifying a transformed plant which expresses the DNA 
sequences so as to render the plant resistant to infection by said 
viruses, preferably at substantially equal levels of resistance to 
infection by each virus. 

30 yet another object of the present invention is to provide a 

method for providing resistance to infection by viruses in a susceptible 
Cucurhitaceae plant which comprises: 
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(a) transforming Cucurbitaceae plant cells with a DNA molecule 
encoding a plurality of proteins from viruses which are capable 
of infecting said Cucurbitaceae plant; 

(b) regenerating said plant cells to provide a differentiated plant; 
5 and 

(c) selecting a transformed Cucurbitaceae which expresses the 
virus proteins at levels sufficient to render the plant resistant to 
infection by said viruses. 

It is a further object of the present invention to provide multi- 

10 virus resistant transformed plant which contains stably-integrated DNA 
sequences encoding virus proteins. 

It is still a further object of the present invention to provide 
virus resistant transformed plant cells which contain a plurality of viral genes, 
i.e., 2-7 or more genes, which are expressed as virus proteins from the same 

15 virus strain, from different virus strains as from different members of the 
virus group, such as the potyvirus group. 

The present invention is exemplified primarily by the insertion 
of multiple virus cp expression cassettes into a binary plasmid and subsequent 
characterization of resulting plasmids. Combinations of CMV, ZYMV, 

20 WMV-2, SQMV, and PRV coat protein expression cassettes were placed in 
the binary plasmid pPRBN. Subsequently, binary plasmids harboring 
multiple cp expression cassettes were mobilized into Aprobacterium for use in 
plant transformation procedures. Binary plasmids harboring multiple 
expression cassettes are employed to transfer two or more virus coat protein 

25 transformation-susceptible genes into plants, such as members of the 

Cucurbitaceae family, along with the associated selectable marker and/or 
reporter genes. 

Thus, the present invention provides a genetic engineering 
methodology by which multiple traits can be manipulated and tracked as a 

30 single gene insert, i.e., as a construct which acts as a single gene which 
segregates as a single Mendelian locus. Although the invention is 
exemplified via virus resistance genes, in practice, any combination of genes 
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could be linked. Therefore one could track a block of genes that provide 
traits such as disease resistance, plus enhanced herbicide resistance, plus 
extended shelf life, and the like, by simply tracking the linked selectable 
marker or reporter gene which has been incorporated into the transformation 
5 vector. 

It was also discovered that when multiple tandem genes are 
inserted, they preferably all exhibit substantially the same degrees of efficacy, 
and more preferably substantially equal degrees of efficacy, wherein the term 
"substantial" as it relates to viral resistance is defined with reference to the 

10 assays described in the examples hereinbelow. For example, if one examines 
numerous transgenic lines containing an intact ZYMV and WMV-2 coat 
protein insert, one finds that if a line is immune to infection by ZYMV it is 
also immune to infection by WMV-2. Similarly, if a line exhibits a delay in 
symptom development to ZYMV it will also exhibit a delay in symptom 

15 development to WMV2. Finally, if a line is susceptible to ZYMV it will be 
susceptible to WMV-2. This phenomenon is unexpected. If there were not a 
correlation between the efficacy of each gene in these multiple gene 
constructs this approach as a tool in plant breeding would probably be 
prohibitively difficult to use. Even with single gene constructs, one must test 

20 numerous transgenic plant lines to find one that displays the appropriate level 
of efficacy. The probability of finding a line with useful levels of expression 
can range from 10-50% (depending on the species involved). 

If the efficacy of individual genes in a Ti plasmid containing 
multiple genes were independent, the probability of finding a transgenic line 

25 that was resistant to each targeted virus would decrease dramatically. For 
example, in a species in which there is a 10% probability of identifying a line 
with resistance using a single gene insert, is transformed with a triple-gene 
construct CZW and each gene display an independent levels of efficacy, the 
probability of finding a line with resistance to CMV, ZYMV and WMV-2 

30 would be 0. 1 X 0. 1 X 0. 1 = 0.001 or 0.1 % . However, since the efficacy of 
multivalent genes is not independent of each other the probability of finding a 
line with resistance to CMV, ZYMV and WMV-2 is still 10% rather than 
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0.1%. Obviously this advantage becomes more pronounced as constructs 
containing four or more genes are used. 

BceT Bggjgti ga " f the v^res 
5 Figure 1 depicts the structure of binary vector pPRBoriGN. 

Figure 2 depicts the structure of binary vector pPRBN. 

Figure 3 depicts the structure of pPRCPW. 

Figure 4 depicts the structure of binary plasmid pEPG321. 

Figure 5 depicts the structure of binary plasmid pEPG106. 
10 figure 6 depicts the structure of binary plasmid pEPGlll. 

Figure 7 depicts the structure of binary plasmid pEPG109. 

Figure 8 depicts the structure of binary plasmid pBPG115. 

Figure 9 depicts the structure of binary plasmid pEPG212. 

Figure 10 depicts the structure of binary plasmid pEPG113. 
15 Figure 1 1 depicts the structure of binary plasmid pGA482GG. 

Figure 12 depicts the structure of binary plasmid pEPG328. 

a aajtol Descrir rfinn of the Invention 

The viral resistance conferred to plants of the present invention 
20 is provided by the expression in planta of an isolated DNA sequence 

comprising nucleotides encoding a plurality, i.e., 2-7 virus proteins, such as 
coat proteins, proteases and/or replicases. 

Representative viruses from which these DNA sequences can 
be isolated include, but are not limited to, potato virus X (PVX), potyviruses 
25 such as potato virus Y (PVY), cucomovirus (CMV), tobacco vein mottling 
virus, watermelon mosaic virus (WMV), zucchini yellow mosaic virus 
(ZYMV), bean common mosaic virus, bean yellow mosaic virus, soybean 
mosaic virus, peanut mottle virus, beet mosaic virus, wheat streak mosaic 
virus, maize dwarf mosaic virus, sorghum mosaic virus, sugarcane mosaic 
30 virus, johnsongrass mosaic virus, plum pox virus, tobacco etch virus, sweet 
potato feathery mottl virus, yam mosaic virus, and papaya ringspot virus 
(PRV), cucomoviruses, including CMA and comovirus. 
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Generally, a potyvirus is a single-stranded UNA virus that is 
untied by a repeating prr*einaceous monomer, which is termed the coa, 
protem( CP). The encapsulated virus has a flexous rod morphology. The 
.najonry of the potyviruses are transmitted in a nonpersisttnt manner by 
5 aphids. As can be seen from the wide range of crops afteoed by 

poises, the host range includes such diven* families of piants, but „ no. 

liatodto saluafifiK. (iwmwfacw. Sannase, Camasae. 
r^niaaas, etoaaBas., Qraaiaaaas. and Cancaaas- 

As used herein, with respect to a DNA sequence or "gene , the 
,0 term "isolated" is defined to mean that the sequence is either exacted from 
tacontext in the vind genome bychemical means and purified and/or 
modified to the extent that it can be taroduced into the present vectors m the 
appropriate orientation, i.e„ sense or anfisense. As used herein, dre tenn 
■chimeric" is defured to mean me linkage of two or more DNA sequences 
15 which are derived from different sources, strains or species, ..e„ from 
baceria and plants, or that two or more DNA sequence, from the same 
species are linked in a way tot does not occur in the native genome. Thus, 
.he DNA sequences useful in the present invention may be narumUy- 
o^rring.sen^-synU^cc.endreiysy^. The DNA sequence may be 

as the binary plasmids described below. As used herein, the term 
■heterologous" is defined to mean not identical, e.g. different in nucleoude 
a^or ammo acid sequence, phenotype or an independent isolate. As used 
hereut, the term "expression" means transcription or transcription followed by 
25 translation of a particular DNA molecule. 

Most of the recombinant DNA methods employed in pracucmg 
to prese nt invention are standard procedures, well known to those sldued in 
.Heart and described in dead in, or example, European Pae* Appticarion 
Public auon Number 223,452, published November 29, 1986, which is 
30 incorporaed herein by reference. E^es are obtained from commercud 
sources and are used according to tine vendor's recommendations or otter 
variations known in the art. General references confining such standard 
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techniques include the following: R. Wu, ed. (1979) Methods in 
Bnz ymnlopv. Vol. 68; J.H. Miller (1972) Experiment? in Molecular 
Genefe J. Sambiook et al. (1989) Molecular Cig fliag A LabfiQtgp: 
Manual 2nd Ed.; D.M. Glover, ed. (1985) DNA Cloning Vol. m H.G. 
5 Polites and K.R. Marotti (1987) "A step-wise protocol for cDNA synthesis," 
Biotechniques 4; 514-520; S.B. Gelvin and R.A. Schilperoort, eds. 
Introduction, Expression, and Analysis of Gene Products in Plants, all of 
which are incorporated by reference. 

To practice the present invention, a viral gene must be isolated 

10 from the viral genome and inserted into a vector containing the genetic 

regulatory sequences necessary to express the inserted gene. Accordingly, a 
vector must be constructed to provide the regulatory sequences such that they 
will be functional upon inserting a desired gene. When the expression 
vector/insert construct is assembled, it is used to transform plant cells which 

15 are then used to regenerate plants. These transgenic plants carry the viral 
gene in the expression vector/insert construct. The gene is expressed in the 
plant and increased resistance to viral infection is conferred thereby. 

Several different courses exist to isolate a viral gene. To do 
so, one having ordinary skin in the art can use information about the genomic 

20 organization of potyviruses, cucumoviruses or comoviruses to locale and 
isolate the coat protein gene or the nuclear inclusion body genes. The coat 
protein gene in potyviruses is located at the 3' end of the RNA, just prior to 
a stretch of about 200-300 adenine nucleotide residues. The nuclear inclusion 
body B (Nib) gene is located just 5' to the coat protein gene, and the nuclear 

25 inclusion body A (NIa) gene is 5' to the Nib gene. Additionally, the 

information related to proteolytic cleavage sites is used to determine the N- 
terminus of the potyvirus coat protein gene and the N- and C-terminus of 
non-coat protein genes. The protease recognition sites are conserved in the 
potyviruses and have been determined to be either the dipeptide Gln-Ser, Gln- 

30 Gly or Gin-Ala. The nucleotide sequences which encode these dipeptides can 
be determined. 
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Using methods well known in the ait, a quantity of vims is 
grown and harvested. The viral RNA is then separated and the viral gene 
isolated using a number of known procedures. A cDNA library is created 
using the viral RNA, by methods known to the art. The viral RNA is 

5 incubated with primers that hybridize to the viral RNA and reverse 
transcriptase, and a complementary DNA molecule is produced. A DNA 
complement of the complementary DNA molecule is produced and that 
sequence represents a DNA copy (cDNA) of the original viral RNA 
molecule. The DNA complement can be produced in a manner that results 

10 in a single double stranded cDNA or polymerase chain reactions can be used 
to amplify the DNA encoding the cDNA with the use of oligomer primers 
specific for the viral gene. These primers can include in addition to viral 
specific sequences, novel restriction sites used in subsequent cloning steps. 
Thus, a double stranded DNA molecule is generated which contains the 

IS sequence information of the viral RNA. These DNA molecules can be 
cloned in E. coli plasmid vectors after the additions of restriction enzyme 
linker molecules by DNA ligase. The various fragments are inserted into 
cloning vectors, such as well-characterized plasmids, which are then used to 
transform E. coli to create a cDNA library. 

20 Since potyvirus genes are generally conserved, oligonucleotides 

based on an analogous gene from a previous isolate or an analogous gene 
fragment from a previous isolate can be used as a hybridization probe to 
screen the cDNA library to determine if any of the transformed bacteria 
contain DNA fragments with the appropriate viral sequences. The cDNA 

25 inserts in any bacterial colonies which hybridize to these probes can be 
sequenced. The viral gene is present in its entirety in colonies which have 
sequences that extend 5' to sequences which encode a N-terminal proteolytic 
cleavage site and 3' to sequences which encode a C-terminal proteolytic 
cleavage site for the gene of interest. 

30 Alternatively, cDNA fragments may be inserted in the sense 

orientation into expression vectors. Antibodies against a viral protein may be 



PCTAJS95/06261 

WO 96/21031 

colonies which express the protein. 

^ ^Uo** scueoces encoding ths coa pro** g»es and 

5 i.^.i— 



10 



The coat protein gene is inserted such that those regulatory 

. . are Hsted on Table I, below, 
cloning and expressing viral genes are listea o 
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TABLE I. 
Cloned Genes From RNA Viruses 



Viral Gene 
Papaya ringspot cp 

Potato vims X cp 



Watermelon Mosaic Vims 
Hep 



M.M. Fitch et al., Bio/Technology . 10, 
1466 (1992) 

K. Ling et al., Bio/Technology . 2, 752 
71991); r.- 

A. Hoekema et al., Bio/Technology . 7, 273 
(1989) 

i et al., J. Gen. ViroL . 71, 1451 



£1990); 



^J^nba et al., Ph ytopatholo gy, 82, 940 

S. Namba et al., Phytopathology . 82, 940 
(1992) 

10 Tobacco Mosaic Vinis cp R.S. Nelson et al. , Bio/Technology . 6_, 403 



Zucchini yellow Mosaic 
Vims cp 



Alfalfa Mosaic Virus cp 



. Powell Abel et al., Science. 232 . 738 
(1986) 

Loe|ch-Fries et al., EMBO J. . 1845 

fi.E^mer et al., EMBO J. . 6_, 1181 
(1987) 

D.M. Stark et al., Biotechnology . 7, 1257 
(1989) 

H.a Quemada et al., Mplec, Plant Pathol., 
81, '94 (1991) 

UpJohn Co. (PCT WO90/02185) 
Allison et al., Virology . 147, 309 (1985) 



Soybean Mosaic Virus cp 

Cucumber Mosaic Virus 
strain C cp 

Cucumber Mosaic Virus 
strain WL cp 

Tobacco etch virus cp 

Tobacco etch virus nuclear J.C. Carrington et al., J. Virol. , 6J., 2540 



(1987) 

W.G. Dougherty et al., Virology . 146, 282 
(1985) 

D.D. Shukla et al., Virology . 152 . 118 
(1986) 

European Patent Application 578,627 

C. Lawson et al., Biotechnology . 8_, 127 
(1990) 

Tobacco streak virus (TSV) CM. Van Dun et al.. Virology . 164. 383 
cp (1988) 



inclusion protein 
Pepper Mottle Virus cp 

Potato virus Y cp 

Potato virus Y nuclear 
inclusion protein 

Potato virus X cp 
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In orier to express the viral gene, the necessary genetic 
sequence, n,"^P^ Since the proteins eroded in a 
po^geoon^ are produced by^posttran^P^gofa 

poiyrnotein, » virel g«e isolaed ftom virel HNA does no, con-in 
5 tnnscrir^ and .reflation signals „e«ssnry f« ta expression o«e 
t^emd and integrated too a plan, genon,e. It must, therefore, be 
engineered te cxmtain a plan, expressive promoter, a translation inirtation 
J^T™) ana . pian, functional p*(A> addition s*nal (AATAAA) 3 of 
tetta ^«nni M tioncodo.. Ii, the presem invention, a vu^ ge~* 
10 inserted into a ve«o, which contains cloning si** for im*rtion of the 
taH^codonandS-ofttepoWA)^. ThepremotensS ofthe 
taction codon such m when smtetural g**s m mserted - Co^ng 
ste .functional™* is formed in which a« inserted geaes are expressed 
under the control of the various genetic regulatory sequences. 
„ The segment of DNA referred to as die promoter is responsible 

for the regulation of the ascription of DNA into mKNA. Anumberof 
pernors which function in pian, ceUs are known in the art and may be 
Lp.oyedinUtepmctic.ofUtepresen.invemio.. promoters ma^ 
o^ed from a variety of sources such as plan, or plam viruses, and n»y 
taCnde but are no, Bruited «, promoters isolated from the caulnuovirus g^P 
^ b as the cauliflower mosaic vims 35S promoter (CaMV3 5 S>, the enhanced 
cauliflower mosaic vims 35S promoter »enh CaMV35S), the figwort mosaic 
^ fcU-leugti, transcript promoter (FMV35S), and the promoter .soiled 
frornthechhnophyUa/bbtodingp^. Odter usefu! pnnncters mdude 
promoters which are capabte of expressing the potyvirus protems m an 

tHeirfectionis.nownh.o-r. For example, the mdncib^ pretno-s from 
phenymianine ammonia lyase, chaloone symhase, hydroxyprohne neb 
glyco protein, extensin, pafcogeuesis-related proteins (e.g. M, and 
30 wound-inducible protease inhibitor from pomto may be useful. 

Preferred promoters for use in the present viral gene 
expressi on cassehes include *e constimtivc promoters from CaMV, titeT. 



20 



25 
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genes nopaline synthase (Bevan et al., Nucleic Acids Res. II . 369-385 (1983)) 
and octopine synthase (Depicker et al., J. Mol. Appl. Genet. . 1, 561-564 
(1982)), and the bean storage protein gene phaseolin. The poly(A) addition 
signals from these genes are also suitable for use in the present cassettes. 
5 The particular promoter selected is preferably capable of causing sufficient 
expression of the DNA coding sequences to which it is operably linked, to 
result in the production of amounts of the proteins or the RNAs effective to 
provide viral resistance, but not so much as to be detrimental to the cell in 
which they are expressed. The promoters selected should be capable of 

10 functioning in tissues including but not limited to epidermal, vascular, and 
mesophyll tissues. The actual choice of the promoter is not critical, as long 
as it has sufficient transcriptional activity to accomplish the expression of the 
preselected proteins or antisense RNA, and subsequent conferral of viral 
resistance to the plants. 

15 The non-translated leader sequence can be derived from any 

suitable source and can be specifically modified to increase the translation of 
the mRNA. The 5' non-translated region can be obtained from the promoter 
selected to express the gene, an unrelated promoter, the native leader 
sequence of the gene or coding region to be expressed, vira! RNAs, suitable 

20 eucaryotic genes, or a synthetic gene sequence. The present invention is not 
limited to the constructs presented in the following examples. 

The termination region or 3' non-translated region which is 
employed is one which will cause the termination of transcription and the 
addition of polyadenylated ribonucleotides to the 3' end of the transcribed 

25 mRNA sequence. The termination region may be native with the promoter 
region, native with the structural gene, or may be derived from another 
source, and preferably include a terminator and a sequence coding for 
polyadenylation. Suitable 3' non-translated regions of the chimeric plant gene 
include but are not limited to: (1) the 3' transcribed, non-translated regions 

30 containing the polyadenylation signal of Agrobacterium tumor-inducing (Ti) 
plasmid genes, such as the nopaline synthase (NOS) gene, and (2) plant genes 
like the soybean 7S storage protein genes. 
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Selectable marker genes may be incorporated into the present 
expression cassettes and used to select for those cells or plants which have 
become transformed. The marker gene employed may express resistance to 
an antibiotic, such as kanamycin, gentamycin, G418, hygromycin, 
5 streptomycin, spectinomycin, tetracyhne, chkMamphenicol, and die like. 
Other markers could be employed in addition to or in die alternative, such as, 
for example, a gene coding for herbicide tolerance such as tolerance to 
glyphosate, sulfonylurea, phosphinothricin , or bromoxynil. Additional means 
of selection could include resistance to methotrexate, heavy metals, 

10 complementation providing prototropby to an auxotrophic host, and the like. 
For example, see Table 1 of PCT WO/91/10725, cited above. The present 
invention also envisions replacing all of the virus-associated genes with an 
array of selectable marker genes. 

The particular marker employed will be one which will allow 

15 for the selection of transformed cells as opposed to those cells which were 
not transformed. Depending on the number of different host species one or 
more markers may be employed, where different conditions of selection 
would be useful to select the different host, and would be known to those of 
skill in the art. A screenable marker or "reporter gene" such as the 0- 

20 glucuronidase gene or luciferase gene may be used in place of, or with, a 
selectable marker. Cells transformed with this gene may be identified by the 
production of a blue product on treatment with 5-bromo-4-chlon>3-indoyl-/5- 
D-ghicuronide (X-Gluc). 

In developing the present expression construct, the various 

25 components of the expression construct such as the DNA sequences, linkers, 
or fragments thereof will normally be inserted into a convenient cloning 
vector, such as a plasmid or phage, which is capable of replication in a 
bacterial host, such as E. coti. Numerous cloning vectors exist that have 
been described in the literature. After each cloning, the cloning vector may 

30 be isolated and subjected to further manipulation, such as restriction, 

insertion of new fragments, ligation, deletion, resection, insertion, in vitro 
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provide a vector which will meet a particular need. 

For ABBtaaatomediattd transformation, the egress**, 

Lon of the preseut chimeric DNA sequel into the genome 
facilitates integration of the presem ,hat facilitate 

f .he host plant cell, Tbis ve«or wUl also connun sequences that facumue 
of the host plant ceu « we U as in E. coU cells, 

rotation of the plasmid in Agates cells as well 

AU DNA manipulations are typically earned out m £. coU 

^^\is second plasmid wiU carry aU the virgeoes 
from Ti or Ri plasmids. This secona pu»u« 
„ reauired for transfer of the foreign DNA into plant cells. 
" suitable plan, transformation Coning v=c*rs indude those 

A . . , ^ plasnu d of AcslanrriiiMi wmrftfrn. " j*"^ 

derived from a r.pi^rm ^^^^ to ftose 
^sedinGUssm^^S^ 

tetosed, for example, Herrera-Est«Ua« u s ^ 
20 Biotechnica (published PCT application PCT WO/91/1UT 

4 940 838, issued to Sdnlperoort et al. „„ flhP 
A variety of techniques are available for the introduce, of the 

m arerial into or transformation of the plant cel. host. However the 

Information using plan, transformation vectors denved from diemmo 

..• rmorroot-iinhK^gWpl"^^ 
ffltocmg m M ' the DNA construes of me present invention 

methods could be used to insert the DNA constructs v 

30 into piam ws». -hpmicals that increase the 

liposomes, transformation using viruses or ^ " 
IcuptakeofDNA (Pasdcowski et al., SffiOi. 1 2717 (1984)), 
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section (Crosswayj* ^^^^,^824(1985)), 
electiopwation (Fromm ct al., BQfiJShm ACM v» 

^onnauooptcW. ^^^^tr^T 
l re cells, pn*op*B, M - « -* 

The tissue source is regenerame, in uuu 

^ediafc., exposed to a se>ecove agent such as those descnbrf he 

c of tug selective agents arc presumed to be 
nonnally inhibitory concentrations of the seiecu 
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conned and may be subcultured several additional times on the stune 
«, ran™ trcn-rasisam sections. Thecedsorcallicanthenbe 
assayed ford, presence of tt,evind gene cassene, or maybe subject to 

^wnplrm. regeneration proUKols. In protocols involving the dirac. 
5 paction of snoots, those shoou appearing on the selective medra are 
p^^^onr^^maybee^a.Klroc^.et^on 

seiecdve medium suhabie for Ok production of roots, or by sunply drpprng 
^excised shoo. in a ^-in^g contpou^ and on^y planting « » 

venniculite. , . . 

10 In order to produce transgenic plams exhibiting muta-vrral 

resia ance, „ e virai genes must be Uto up imo d^e plan. ceU and stab.y 

^widn.thep.antgen.me. P.an. cells and Ussues selected ford^ 
to an inhibit agent are presumed to have acquned the selectable 

.narter gene encoding .his resist during the transfonnauon txeatinent. 
15 Since the marker gene is commonly tinted to the viral genes, can be 

I to confirm thatthe foreign genes have c*en taken up and unegrated m.o 
0* genome of .he plan. cell. This technique may also give some 
20 of the numb- of cop.es of the gene that have been .corporate*. Succ^l 

Konhen, b.o, hybridan analysts of .oral cellular RNA and/or cUufar 
RNA that has been enriched in a polyadenyhded region. mRNA molecules 

25 specif, sequences derived from .he viral ge~s presen, m the transformed 
!L which are of the same polarity ,„ that of the vtra. genomtc RNA «*b 

polarity to that of viral genomic RNA under conditions — 
TofS^h eta.. (1989). mRNA molecules also encompassed wrthm the 
30 ^ of d^i^etn^ aratiK.se which <^ viral specif K « 

from tire viral genes present in the transformed vecu,r which are of 
the opposite polarity to that of the viral genomic RNA such that they are 
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toChapterTof Samtaooketd.(1989). 

^p^ofavindgeoecanalsobedaectedby 

, .^.^ gich as the double-antibody sandwich assays described 
mBm ^r^Zl m (1991) as modffied by Clark etal.,!^ 
5 by Na»h»ctal..QC« 6 .lirZ. «(^) ^^^ &9A0 
SiaL, 24, 475 (1979). See also, Nambaetal., BfflHBB^ 

( 1992 )- . via infectivity studies as 

Vims resistance can be assayed via iniecuv y 

iiv Closed by Namba et al. , UL. wherein plants are scored as 

. s^ri— — -- — 

Thus, profccuon again, vira, change can ocsur b, any one or an, 
° f „ auo understood that vhus tesisunce ean occur by the 

^mlMous virus. For example, a transgemc plant 
a homologous or ^ te ^ to chaUenge 

^ fables 1-8, Examp.es MV), and a transgemc 

copending Patent Application Serial No. 

XungHe^logousVinlP^- filed on December 30, .994, 

^neldandse.-pouinamdu.generam^oreedmgp^. 
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from these piants become true breeding Unes which a. evaluated for viral 
usance in the field under a range of environmental condiuons. The 
commercial value of viral-resiaan, plana is greatest if many different hybnd 
^binations with resistance are available for sale. The fanner typically 
5 grows more than one kind of hybrid based on such differences as mammy 
^^insec.^si^.cc.lororotoagnmoo^mto. Additionally, 
hybrids adap^ to o« pan of a country are r^adap^ to anod«r par, 

10 B ^of,b*fcis.^»breedvi ra l«^i™*^«^ 
of parental lines so that many hybrid combinations can be produced. 

Adding viral resistance to agronomically elite lines is most 
efficiently accomplished when the genetic control of viral 
underaood. This requires crossing resist and sensitive plants and^ng 
,5 thepatiem of mherilancein segregating ge^mtiot* ro ascenam whetia* .he 
r^ti, expressed as dominant or recessive, the number of genes mvotved 
and any possible interaction hereon genes if more than one are rotmtred for 
expressiOT . With respect to transgenic plan* of the type diseased hereto, me 
^.sgeoes exhibit doming sto g,e geae Me«>elia» bebavfo, This geneuc 
20 analyst can be pan of the initial efforts to covert agronomicaUy erne yet 
^Wve lines to resistant lines. A conversion process (backcrossmg) is 
carted out by crossing the original resisun. line witir a ser*itive ehte hne 
and ctossmg me progeny back to titesenstuve parent. The progeny from thts 
cosswiU segregate such Uta. some p.ants carry me resismnce gen*) 
25 whereas some do not. Plants carrying me resismnce ge»e(s) wdl be crossed 
again to the sensitive parent resulting in progeny which segregate for 
resist and sensitivity once more. This is related until the original 
^idve parent has been convened to a resistant hne, yet possesses ah of the 
oti^rin^.^origrnanyfoundmtinesensitivepare... Aseparae 
30 backcrossing program is implemented for every sensitive elite hne ma, ,s to 
be converted to a vims resistant line. 
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Subsequent to the backcrossing, the new resistant lines and the 
appropriate combinations of lines which make good commercial hybrids are 
evaluated for viral resistance, as well as for a battery of important agronomic 
traits. Resistant lines and hybrids are produced which are true to type of the 
5 original sensitive lines and hybrids. This requires evaluation under a range 
of environmental conditions under which the lines or hybrids will be grown 
commercially. Parental lines of hybrids that perform satisfactorily are 
increased and utilized for hybrid production using standard hybrid production 
practices. 

10 The invention will be further described by reference to the 

following detailed examples. 



Example I. S quash Varieties With Multiple Virus Resistance. 

IS The DNA which was transferred into the plant genomes was 

contained in binary plasmids (M. Bevan, Nucleic Acids Res. . H, 369 
(1983)). The parent binary plasmid was PGA482, constructed by G. An, 
Plant Physiol. . 81, 86 (1986). This vector contains the T-DNA border 
sequences from pTiT37, the selectable marker gene Nos-NPT II (which 

20 contains the plant-expressible nopaline gene promoter fused to the bacterial 
NPT II gene obtained from TnSJ, a multiple cloning region, and the cohesive 
ends of phage lambda. 

The plasmid pPRBoriGN (Figure 1) was derived from the plasmid 
PGA482 as follows: A bacterial selectable marker, gentamycin resistance, 

25 (R. Allmansberger, et al., Molec. Gen. Genet. . 128, 514 (1985)) was 
inserted adjacent to the right border (B*), but outside the T-DNA region. 
The Nos-NPT II gene was then excised and the multiple cloning site (MCS) 
was regenerated adjacent to B», just inside the T-DNA region. Next, a plant- 
expressible ^-glucuronidase (GUS) gene cassette (R.A. Jefferson, et al., 

30 EMBQ J. . £, 3901(1987)) was inserted within the T-DNA region adjacent to 
the pBR322 origin of replication. Finally, a plant-expressible NPT n gene 
was inserted inside the T-DNA region adjacent to the left border (BJ. This 
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J\ fthe£ coU plasmid pDH51 (R. Kay a al., MusLAcifc 
expression cassette of the £. cou piasu" F ^„„,r»MV1 
^.zmOW ms previa causer mosaK-sfCaMV) 

35S promoter polyadenylation signal. n PRBoriGN as 

The plasmid pPRBN (Figure 2) was denved frem P^"° N * 

^ueocetoB.wasdeiered. Therefore, the GUS ge*e and 3^T D 
^ ^^amdt This region was then replaced by a 

— ^^L^" — The ncresuh of these 
fragment consisting of the iM*** 
10 Zwas *e remova, o, the GUS gene a*, a short ^ 

Zo^,^vingtt K p^^^ n ^'* aCen,,OBL - 
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20 



^2 coat prorein coding regton from ^ ™^ „ 
«M ,nd am (3') restriction enzyme sites. Tins fragment was "galea 
°££Z^**m- wmchistttepUsmidpUC^edtt, 
^^rlresmc^eazymestremiumuniplectomng «•»•*> 
T ^ designated pUCWM^P,, was fnnher modified by the 
^ 8 f T^C~ and po.yadenylabon s.gnai o»arned from 
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v i 71 1451 (1990). The strategy employed in the constroction of 
[ ^ScL protein gene is described by JI~ SUghto* , 
aplant-expxessibleZYMVeoatp ^ ^ 945 (1992). 



5 



10 



W ~ *~ and S. Namba «<ii.. Eto^' «■ » 5 <1992> - 

QgUaaL, a 10« (1989) and mtbe 1991 paper 

SQMV is a oomovuus tbat » tmsmmed by ~ T~ 
The insect acquires the vims w ^ TOsvhus 

^ ^ ^L^eces can-M-BNAa-KlB-PNA 

The isolation, DNA sequenc, 

(1991) ' "1 arched in frame ,o 0* cucumber mosaic vrres 5 
SQMV coal protem clones attached randuseth e 

a a^aot The fusions are dnven oy mc jjo F 
^ TZiS*) ^e modified .enes were .ben isoiated after 
35Stermu^r(F.gure4, Tb j,,^ ^ *e Upiobn binaty 
Hlnd^n digest and^aa^s^ 

^^GOCBgurel^P ^^preteincassenes 
as single copies. 
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"* " * T7 imees copending Patent Application Serial No . 

U - engineered into the plan, expression cassette pUCrScpexpress 
acceding to Sttghtom, » 0»»- 



10 



^nsioor^c^P^^-^^ 
.nan one plan«xpressible gene Mo plam genomes. 

2YMV72/WMBN22 is derived from the binary plasmid pFRBN, 

J The expression cassettes were inserted squally into the 
been inserted. N To ^comptish this, a Bgmjn site 

was introduced 5 of the WMV-2 and the ZYMV expression 

produas were digested wth Sam™ was torK d into the 

. The. WMV-2 cassette carrying Bainin/Bgui enos 
ends. The WMV i co~— ™rV72/WMBN22 (Figure 5). 

25 unklll e t^ffl/Btdn termini site to yield ZYMV72/WM* 



The binary cassette is designated ZW. 

30 »»<p«HindrasrteofZYMV72 W M B N22yi^g 

c J V 73,ZYMV72 W MBN22(Fignre5). This ternary cass^te « 

czw. 
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^\Li„ «»es were inserted into the binary plasm>d pPRBN 
art WMV2 coat protein genes were Toins0 n to 

< con.bination of vires coat protein cassates rn pPRBN, a 
To cnareet «. CMV-WL cp expre^oo ~ 

«o««— -"-rz^sr ****** cass««e 

i HindlD ftagment containing the CM V wl - 
was inserted u«o the Hinsini^e te designated 

WUUZYMV72WMBN22 (Figure 7). Ttota^P 

CwlZW. 

A ffindm fragment harbonng the ZYMV cp 

ZYM V47/482G«.o«ai»WMV310/482G. Ths conared 

spading Patent Application Senal No. 
eBdfled -Papaya Kmgspot Vires coat cMv-wbiteleaf 

plasmidpPRBN to obtain PRVcpwml6S/CV«/ZVTZ 

Tte constrect is designated PCZW. 

0, ^-^^LphU gene (for funher 
Rxmcssdon cassettes for the FRV-P strain PNla gene 
TTa^' Assignees copending Patent Application 
30 —on refer to AppUcan* ^ „ ^ fled 

SerialNo mTV ^ by refers herein) ami the coat 

on December 30, 1994, and incorporated by reie 
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^in eene cassettes for CMV-WL arain ZYMV and WMV-2 we,, inserted 
ffiguce 10). This consauct is designated PWa CZW. 

Expression casse«es were n»de for«he coatpnxein ge«s ofthe 
WMV-2, ZVMV, the PRV-FL and the CMV-WL 
protein genes from SqMV and inserted into binary plasmid pGA482GG 
(Rgnre 12). Has construe, is designated SWZPC. 



10 C 



M .rintnes i. a 20, solnUon of sodinnr hypochlorUe (CM — 
rinses in aenle distilled wa*r. Seeds were germrnated u, 150 x 25 nun 

organic* (h^-^^ 08 *^^^ 
ZZ£1 were removed ftonr the seedUngs, and shoot tips we* 

MS .nedion, solidified -"•^^^7^. 
hB,PS " Leaf pieces (O.Scnr) were coUeoed from in *ro plants and 

Jo.4 ntg/liter benzyhuninoacid (BAP) (MS-D wrth 200 „M 
werc Abated a, 23-C. After two<hree days leaf P-eceswere ^sfcrred 
Ito MS-1 monnm containing 500 rag/liter carbenic^. 200 mg/hter 

2^ transfer to fresh MS-lAn^Uunt. Thereafter, ttssne was 
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^. nft «hMIS-IA medium every to* weeks. After appmximately 

^I^—red ,„ fresh medmm t«^ roo*d shoots 
Germinating embryos were suocu. •, w k. seed production. 

were obtained- Mantlets were transferred to soil for Ri seed produ 

10 D. m^lm ^^^^ for the 

Kanamycm resistant transronmu"* 
• ITTnpT n gene by BUS A using a commercially avadable 
I^^TLder, CO). Polymerase chain reactions 
EUSA to (5-Pnme 3-Pnmc, in order to amplify the NFT II 

using the appropriate primers were conducted »^ " P ^ ^ 

20 (1977). Antisera to CMV-C, WMV 2 NY 

ZW20 whose adv^ge^UcW^eNPrnger*. 

Segregating Ri or R, progeny aiui* 
^weregenm^inUregreenhrmse. Priortevindin— 
toes were germing Carborundum 
^eaon sables w«e HPT ^ ^ ^ 

dusted cotyledons wen, ^ ^ or wmV-2 

a lxlO" 1 wt/vol dilution of CMV strain C, ZYMV smun 
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^ NY (Avai^ ft- D. GonsaWes, CorneU MO, 

ta Cucun* *m. Cue***, pepo and M- «k» 

^ ^ring was done w«hou. taow^e of * transganc sams of the 
, n Plants were given a disease seventy r<uu» 5 

Z »U- on new growth, 5 = moderate syaemrc spread 7-^ 

Jere sys.Il sp^, 9 = severe sys^ spread and ™» _ 

individual plant ratings. 

p^HeaUh mspectfoo Se^c, (APHIS) of U« Uni^ Decent 

^T^Une was paired ^ , row «^ »s no,-^ 
25 IterpaLacomrof - h - cons^ of , 5 pU»s two « 
^rlbetweenrows. T*o » repBeadons of each ^ 

4 mamlAr ^uash nlants in order to reduce tne now 

foot border zone of non-transgenic squasn pianu, 

30 Befd. Tr^^i"-^^^^^! 
oroaeny from self pollinated « *° ^ . 
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commercial squash hybrids, Favor °' 



F. 

■ffN rmamcts 

U^ZV^O was developed from an Ko plant wmch was 

conned wnh ZVMV72 W MBN22. «— — 



10 the trial. 



1116 ' UneZW^ was also developed from an Ro plan, which was 

provided a reduction in symptom development when inocuiaiea 
ZYMV or WMV-2 (Table 1). 
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Table 1 



, 7 JEEZ of ZYMV-FL strain or WMV-2 NY strain 
wt/vol dilution ot Z.YMV ri- a« 

conducted during our 1991 and 1992 tnais. 

(# (%) symptomatic plants) 



1/10 



line 


npt n 


1991 
WMV-2 trial 


19< 
WMV- 


n 

2 trial 


19S 
ZYM\ 


12 

'trial 


ZW-19 


+ 






14/14 
16/16 


(100) 
(100) 


11/11* 
19/19 


(100) 
(100) 


ZW-20 
*mild 


+ 


0/14 
5/18 


(0) 
(28) 


0/5 
10/25 


(0) 
(40) 
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Transgenic squash pfcms hiring expression vectors -W- 
C and WMV-2 CP genes .ere incited witb ettber CMV ^ V ^ ' 
or V34 (for ^ in—, see Applet Assig^es 

20 v£ Strains of Cucumber Mosaic Yin," fled on December 30, 1994, 

incorporated by reference berein), w.iC are capabie o, infecttng transgenic 
rr^icMV-Cc^P^u, A-^-*-^- 
were resistant to cbaUenge witb tbese beteroiogous CMV suams, unWce *e 
^sgemcunesbartoringaCMV-CCPaione. Tne remannrtg P>anK tb*t 

25 were infected bad gready reduced symtpoms reiatWe to trnasgentc piants wttb 
CMV-C CP alone. 



ryw instructs 

^ CZW-3 was developed from an Implant transformed wrth 

infection from CMV-C, ZYMV-FL or WMV-2, wbetbereach inoodatton 
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applied individually or in a cocktail containing all three viral agents (Table 2). 

Line CZW-40 was developed from an Rq plant transformed with 
Cwl4 1 ./Z WMV-72/WMBN22 . It failed to provide any protection against 
5 infection when inoculation with either CMV-C, ZYMV-FL or WMV-2 NY 
(Table 2). 



Table 2 



Symptom Development on Squash Plants after inoculation 
with a 1/10 w/vol dilution of CMV-C, ZYMV-FL or WMV-2-NY 









Symptomatic 


Disease Rating 


Line 


NPTII 


Challenge 


Ratio 


% 


foliar 


fruit 


CZW-3 


+ 


CMV-C 


1/13 


0.7 


0.4 


0.0 








6/6 


100 


8.5 




CZW- 


+ 


CMV-C 


4/4 


100 


5.0 




40* 






11/11 


100 


9.0 




CZW-3 


+ 


ZYMV- 


0/14 


0 


0.0 


0.0 






FL 


4/4 


100 


8.0 


7.0 


CZW- 


+ 


ZYMV- 


9/9 


100 


9.0 




40 




FL 


5/5 


100 


7.0 




CZW-3 


+ 


WMV-2- 


0/40 


0 


0.0 


0.0 






NY 


15/15 


100 


7.0 


7.0 


1 CZW- 


+ 


WMV-2- 


11/11 


100 


7.0 




40 




NY 


3/3 


100 


7.0 





20 



♦Greenhouse screen 



25 The fruit and foliage had disease ratings of 0. In contrast, 100% 

of the cp- segregants developed severe symptoms of virus infection on both 
their foliage and fruit. Disease ratings for CP- segregants ranged between 7.0 
and 9.0 (Table 3). This trial demonstrated that by placing the coat protein 
genes in combination, one can obtain resistance against simultaneous infection 

30 by different viruses, in both inbred and hybrid lines. 
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Table 3 

Field Trial 3 Results 



Symptom development on squash plants 55 days after simultaneously 
5 inoculated with a 1/10 w/v mixture of CMV-C, ZYMV-FL and WMV-2 NY. 



Line 


CP 


Symptomatic 


Disease Rating 






ratio 


% 


foliage 


fruit 


Dixie CZW-3 


+ 


0/27 


0 


0.0 


0.0 






30/30 


100 


8.4 


7.0 


Pavo CZW-3 


+ 


0/27 


0 


0.0 


0.0 






33/33 


100 


7.0 




YS20CZW-3 


+ 


0/40 


0 


0.0 


0.0 






15/15 


100 


7.0 


7.0 


Dixie 


+ 














14/14 


100 


8.7 


7.0 


Pavo 


+ 










i 




24/24 


100 


8.9 


7.0 J 



15 

For the third testing season an Rj generation of CZW-3 was 
produced by selling a CP positive R, CZW-3 segregant. Two transgenic 
hybrid lines, equivalent to Asgrow's commercial hybrids Pavo and Dixie 
were also produced using this transgenic inbred line as one of the parents. 

20 The progeny of the selfed inbred line exhibited the expected segregation ratio 
(based on NPT II ELISA) of 3:1 for the inserted gene, whereas both of the 
hybrid lines exhibited the expected 1:1 ratio. The transgenic inbred and 
hybrid progeny were inoculated with an inoculum mixture containing a 1/10 
w/v dilution of all three virus, CMV-C, WMV-2-NY and ZYMV-FL. Table 

25 3 shows that segregants were completely resistant to infection by all three 
viruses. 

The results presented here confirm that coat protein genes provide 
multi-viral resistance when inserted in combination. For example transgenic 
line CZW-3 remained asymptomatic in all three virus trials (CMV, ZYMV, 
30 and WMV-2) in which they were inoculated with each virus singly, as well as 
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rcm a min g asymptomatic when inoculated with all three viruses 
simultaneously. Tr* abttty m obtain hues with resistance to multiple vuus 
infection is essential for the development of commercially useful squash 
e.Mvars, si** o*ier commercial field colons it b common to find 
5 infection by more than one virus during a growing season. 

In these trials, it was also observed that when multiple coat 
-ad. genes am inserted in a single «mswc«, all the g«es in the construe* 
provi de similar levels of efficacy, line CZW-3 wmcb provides a high level 

.ud WMV-2-NV. to constrac, dansgemc lines such as ZW-19, which 
dispiayed only moderate resistance (i.e., milder symptom reststance 
development) for WMV-2 also exhibited only moderate resistance to ZYMV. 
Furthermore greenhouse screens on transgenic line CZW-40 demonstrated 
riatthislme, which failed «o r^ resist to CMV<:, also failed to 
15 provide resistance to ZYMV-FL and WMV-2-NY. this c»rdinat^ level of 
action between genes in a multiple gene construe, may reflet me effect of me 
^within me plam ge«ome m» which *e genes insert. Inanyevmtt, 
this phenomenon provides a memod to greatly enhar*e dm r»obabili«y of 
finding individual transgenic lines with high levels of resismnce agamst 
20 multiple viral agents. 

r i, n ^ rr.^ ^MnW^nn.n.r^intor^oupe. 

1 ggrfflteupe T r n n«f" ,mali ' m 

Cantaloupe inbred lines were transformed with the multiple gene 
25 constructs listed above using a modificauon of the procedure of Fang and 

Grumet HdvJIvWn** * 358 ^ **** 
formed plants were transferred to the greenhouse and R, produced. 

TlnU finiilTaili/iT'ffr" tortnn Procedure 
30 Transgenic plants were analyzed and inoculated as described in 

Example I listed above. 
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7W instructs . Line CA76-ZW- 102-29 provided resistance to 
infection by both ZYMV-FL or WMV-2-NY. In contrast all other lines failed 
t0 provide resistance against infection by either ZYMV or WMV-2 (Table 4). 



Table 4 



3 





NPTII 


Challenge 


Symptomatic 
Ratio % 


Disease 
Rating 


CA-ZW-102-29 


+ 


ZYMV-FL 


0/30 0 


0.0 




+ 


WMV-2-NY 


0/9 0 
2/2 100 


0.0 J 
5.0 1 


CA-ZW-1 15-38 


+ 


ZYMV-FL 


0/30 0 


0.0 V 




+ 


WMV-2-NY 


9/17 0 
6/8 75 


0.0 1 
4.0 1 



20 



infection by CMV-C, ZYMV-FL and WMV-2. The line has tradmonal 
K ^ WK «, PRV so that the efficacy of the PRV insert could no. be 
ascere uned. In contrast numerons PCZW transgenic lines failed to provde 
tt ^ me .gains. CMV-C or ZYMV-FL. Inoculation of these lines wnh 
WMV-2-NY are still in progress (Table 5). 
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Table 5 



Symptom Development on Transgenic Cantaloupe lines after inoculation 
with a 1/10 w/vol dilution of ZYMV-FL, WMV-2-NY, or CMV-C 









Symptomatic 


Disease 


Line 


NPTII 


Challenge 


Ratio 


% 


Rating 


J CA95-PCZW-93351-1 


+ 


CMV-C 


1/12 


(08) 


0.6 








3/3 


(100) 


6.3 




+ 


WMV-2- 


1/9 


(11) 


0.5 






NY 


2/2 


(100) 


5.0 




+ 


ZYMV-FL 


6/8 


(75) 


4.2 








6/6 


(100) 


9.0 


CZ95-PCZW-93356-1 


+ 


CMV-C 


9/9 


(100) 


7.0 








4/4 


(100) 


7.0 





+ 


ZYMV 


10/10 


(100) 


7.0 








5/5 


(100) 


7.0 


CA95-PCZW-93356-6 


+ 


CMV-C 


9/9 


(100) 


7.0 








1/1 


(100) 


9.0 





+ 


ZYMV 


10/10 


(100) 


7.0 








1/1 


(100) 





SWZPC Construct Although these lines have not yet been 
evaluated for resistance PCR analysis has verified that 27/36 (75%) of the 
cantaloupe lines produced with this construct contained all six cp genes plus 
20 the NPT II selectable marker gene. This demonstrated that Agrobacterium 
mediated transformation can be used to transfer at least seven (but probably 
many more) linked genes in a binary plasmid to plant cells with subsequent 
recovery of intact plants containing all seven linked gene inserts. 



25 
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ELmBMM Fim^nciionofMptti-Cp< 

Cucumber inbieds were transformed with the multiple coat 
pxotein gene constructs listed above, using a modification of the procedure of 
Sarmento et aL, gtoBt f>" ESSHfi agfl Orwn Mm*, 21, 185 (1992). 
Rooted plants were transferred to the greenhouse and R, seed produced. 
Transgenic plants were analyzed and inoculated as described in Example I 
above. 



CZWJ^naOKiS. Li* GA715 CZW 7, 95, 33, 99 were restart 
«> bo* ZYMV-FL and WMV-2-NY (these lines have been traditionally bred 
for resiaance to CMV-C, so the efficacy of the CMV coat protein insert 
could not be ascertained) (Table 6). 



15 
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Table 6 

Symptom Development on Transgenic Cucumber Lines after inoculation 
with a 1/10 w/vol dilution of ZYMV-FL, ZYMV-CA, or WMV-2-NY 


Line 


npt n 


Challenge 


Symptomatic 
Ratio % 


Disease 
Rating 


GA715 CZW-7 


+ 


ZYMV-FL 


0/8 0 
7/7 100 


0.0 
6.4 




+ 


WMV-2-NY 


0/5 0 
8/9 89 


0.0 
4.4 


CA715-CZW-33 


+ 


ZYMV-FL 


0/6 0 
9/9 100 


0.0 
6.9 




+ 


WMV-2-NY 


0/6 0 
8/8 100 


0.0 
4.3 


GA715-CZW-95 


+ 


ZYMV-FL 


0/11 0 
2/2 100 


0.0 
5.0 




+ 


WMV-2-NY 


0/10 0 
2/2 100 


0.0 
5.0 


GA715-CZW-99 




ZYMV-F 


0/8 0 
6/6 100 


0.0 

6.7 ; 




+ 


WMV-2-NY 


0/7 0 
5/5 100 


0.0 
3.0 



20 



PNIa CZW Construct Line GA715 PNIa CZW - 21 was resistant 
to CMV-C, ZYMV-FL and PRV-P-HA while line GA715 PNIaCZW-15 was 
susceptible to ZYMV-FL and WMV-2-NY (Table 7). 



WO 96/21031 



38 



PCT/US95/06261 



Table 7 



Symptom Development on Transgenic Cucumber lines after inoculation 
with a 1/10 w/vol dilution of ZYMV-FL, WMV-2-NY, or PRV-P-HA. 


Line 


NPTII 


Challenge 


Symptomatic 
Ratio % 


Disease 
Rating 




+ 


ZYMV- 
FL 


0/7 0 
2/2 100 


0.0 
7.0 




+ 


CMV- 
Cama-5 


0/4 0 
4/11 44 


0.0 

2.2 




+ 


WMV-2- 
NY 


NT NT 
NT NT 


NT 
NT 




+ 


PRV-P- 
HA 


0/3 0 
6/6 100 


0.0 
3.0 


GA715PNIaCZW-15 


+ 


ZYMV- 
FL 


2/2 100 
12/12 100 


3.0 I 
5.0 




+ 


WMV-2- 
NY 


4/4 100 
10/10 too 


3.0 
3.0 




+ 


PRV-P- 
HA 


NT NT 
NT NT 


NT 
MT 




+ 


CMV-C 
Cama-5 


NT NT 
NT NT 


NT 
NT 



Example IV. Introduction of Multi CP Gene Cassette into Watermelon 

1. Watermelon Transformation 

20 Watermelon inbreds were transformed with multiple coat protein 

gene cassettes, WZ listed above, using a modification of the procedure 
described by Choi et aL, Plant Cell Reports. 344 (1994). 

2. Plant Analvsis/Inoculation Procedure 

Transgenic plants were analyzed and inoculated as described in 
25 Example I above. 
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3. Results 

W7 construct . Lines WA 3 WZ-20-14 was resistant to ZYMV-FL 
and WMV-2-NY (Table 8). 



10 



Table 8 

Symptom Development on Transgenic Watermelon lines after inc 
with a 1/10 w/vol dilution of ZYMV-FL or WMV-2-NY 


>culation 


Line 


NPTII 


Challenge 


Symptomatic 
Ratio % 


Disease 
Rating 


WA,WZ-20-14 


+ 


ZYMV-FL 


0/14 0 
11/11 100 


0.0 
9.0 




+ 


WMV-2-NY 


0/13 0 
1/10 100 


0.0 
9.0 



All publications, patents and patent documents are incorporated by 
reference herein, as though individually incorporated by reference. The 
invention has been described with reference to various specific and preferred 
embodiments and techniques. However, it should be understood that many 
20 variations and modifications may be made while remaining within the spirit 
and scope of the invention. 
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gHAI T 5 n^lMED IS; 

1 . A chimeric recombinant DNA molecule comprising: 

a plurality of DNA sequences, each of which comprises a promoter 
operably linked to a DNA sequence which encodes a viral protein, 
wherein said DNA sequences are expressed in virus-susceptible plant 
cells transformed with said recombinant DNA molecules to impart 
resistance to infection of said cells by each of said viruses. 

2. The chimeric DNA molecule of claim 1 wherein the DNA sequences 
are linked in tandem. 

3. The chimeric DNA molecule of claim 1 wherein expression of said 
DNA 

sequences imparts substantially equal levels of resistance to infection. 

4. The chimeric DNA molecule of claim 1 wherein expression of at least 
one of said plurality of DNA sequences imparts resistance to a 
plurality of viruses. 

5. The DNA molecule of claim 1 wherein said DNA sequences further 
comprise a selectable marker gene, a reporter gene or a combination 

thereof 

that enables identification of plant cells transformed with said DNA 
molecule. 

6. The DNA molecule of claim 5 wherein the plurality of DNA sequences 



are 



flanked by two selectable marker genes, two reporter genes or a 
combination thereof. 



7. The DNA molecule of claim 1 wherein said viral proteins comprise at 
least 
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«, of the coal proteins of walennelon mosaic virus II, cucumber 



mosaic 



virus, or zucchini yellow mosaic virus. 
8 m DNA molecule of claim 1 wherein the plant cells are cells derived 
from a member of the family. 

9 . Amelhodofimpartmgmulti-^ 

susceptible 

to viruses, comprising: 

W pfenning ceUs of said susceptible plan, with a cbnnenc 
recombinant DNA molecule comprising a plurality of DNA 
_es, each comprising a prom<*er functional in cells of said 
plant and operably linked to a DNA sequence encoding a protein 
of a vims which is capable of infecting said plant; 

c) identify** a transfonnedplam which e^ 

s^ces so as to render the plan, resistant to infection by sard 

viruses. 

10 . j*^*^*-*'*"**'***"*™ 
virus. 

coding DNA sequences imparts resistance to a plurality of said viruses. 

12. Tlie method of claim 9 wherein the plant is a dicot. 

13 . me mediod of claim 9 wherein the DNA molecule is par, of a binary 



Ti 
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plasmid and the plant cells are transformed by A. frmefaciens mediated 
transformation. 

14. The method of claim 9 wherein the DNA sequences further comprise a 
selectable marker gene or a reporter gene that enables identification of 

said 

transformed plant. 

15. The method of claim 9 wherein said DNA sequences further comprise 
at 

least two of the coat protein genes of watermelon mosaic virus H, 
cucumber mosaic virus or zucchini yellow mosaic virus. 



The method of claim 9 wherein the susceptible plant is a member of the 
: family. 



16. 



17. A transformed plant prepared by the method of claim 9. 

18. A transformed plant cell prepared by the method of claim 9. 

19. A transformed seed of the transformed plant of claim 17. 

20. A hybrid plant prepared from the plant of claim 17, which is resistant 
to infection by said viruses. 
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FIG. 3 
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